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Abstract  
For the purposes of reducing the non-uniformity of images in LED display panel further, propose an algorithm. First, 
analyze the causes of the problem which images in LED display panel have shortcomings of the non-uniformity of 
images. Second, introduce the development course of the correction techniques which are used to reduce the non-
uniformity of images. Simultaneously, point out the ground that location correction must be carried out. Third, for 
the example of a LED display panel which is spliced by modules, construct the algorithm model. Forth, describe the 
realization steps of the algorithm in accordance with this constructed model. Finally, this algorithm is implemented 
in a LED display panel, whose resolution is 640×480. Experimental results show that this algorithm is able to reduce 
the non-uniformity of images obviously. 
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1.Introduction 
 LED display panel has been used in many occasions, such as the stage background layout, live 
sporting events, outdoor advertising, etc [1][2]. The non-uniformity of images is one of important 
performances in LED display panel. The lower the non-uniformity of images shows the better display 
results in LED display panel. On the contrary, the higher the non-uniformity of images shows the worse 
display results [3~5]. 
LED display panel is spliced by a number of LED. Due to differences in brightness between LED, 
even they are the same type, which will result in the higher non-uniformity and affects the display results 
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of LED display panel seriously. In addition, the position distortion that appears during splicing process 
also will result in the higher non-uniformity of images. There are many solutions such as the correction 
technique based on CCD for the previous problem, while for the latter problem is not. Although the non-
uniformity of images can be significantly reduced after using methods such as the correction technique 
based on CCD, the second problem will lead to high non-uniformity of images. Therefore, for the 
purposes of reducing the non-uniformity of images in LED display panel further, propose an algorithm 
based on location correction. 
 
2.Background
The current proposed correction techniques in LED display panel direct differences in brightness 
between LED without exception. These correction techniques have three stages of development, which 
are the correction technique based on run-time, the correction technique based on spectrometer and the 
correction technique based on CCD. 
2.1.The Correction Technique Based on Run-time 
The process of the correction technique based on run-time is that first to record the run-time of each 
LED of LED display panel, then estimate the correction level of each LED in accordance with the 
brightness-time attenuation curve provide by LED manufacturers, and finally obtain the correction 
information of each LED and adjust each LED according to the information. 
The advantage of this technique is simple and does not require expensive equipment. However, the 
brightness-time attenuation curve is a set of statistical value, which can not appropriate for each LED at 
the same time. With run-time increasing, the attenuation range of LED's brightness also increases. So this 
technique can not reduce the non-uniformity of images in LED display panel effectively because it can 
not guarantee the calibration between pixels [6]. 
2.2.The Correction Technique Based on Spectrometer 
Spectrometer is a scientific instrument, which divides complex optical into spectra lines. It can 
measure the light which is reflected by object or emitted from object. As Fig.1 shows, it is the principle 
of the correction technique based on spectrometer. Firstly, use lens to separate the visible light which 
emitted form a pixel of LED display panel by the same interval. It can be the spectral distribution of the 
pixel. Then, obtain the brightness value of the pixel according to the spectral distribution. Finally, 
analyze the brightness value to calculate the corrected coefficient matrix. 
 
Fig. 1 The principle of the correction technique based on spectrometer 
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With high accuracy of the spectrometer, this technique has goon measurement consistency and can 
correct accurately. Therefore, this correction technique is used in some of LED display panel in the early. 
The shortcoming of this technique is that it can only measure a pixel at each time. Therefore, the time is 
too long for a correction process [7][8]. 
2.3.The Correction Technique Based on CCD 
CCD stands for Charge Coupled Device. It is a semiconductor device which can convert optical 
signal into digital signal. The small photosensitive material implanted in CCD is called light-sensitive 
pixels. The more light-sensitive pixels are the higher resolution of CCD. 
Generally considered, the relationship between the output response signal of the light-sensitive pixel 
and the brightness of the light signal by receiving through the special integral is linear. Fig.2 is the 
principle of the correction technique based on CCD. One pixel of LED display panel falls in number of 
light-sensitive pixels of CCD when use CCD to collect the brightness of LED display panel. In other 
words, the brightness of a pixel of LED display panel can be characterized by number of light-sensitive 
pixels of CCD. Calculate the correction coefficient matrix through a series of algorithm according to the 
brightness collected by CCD, and transform the correction coefficient and the image data of a pixel to 
LED display panel at the same time to achieve the purpose of correcting the non-uniformity of images in 
LED display panel. 
This correction technique is not only capable of measuring more than one pixel at each time but also 
can complete correction on site. Furthermore, CCD converts optical signal into digital signals directly, 
which facilitates the later computation of the correction coefficient matrix, and reduces a lot of correction 
time. At present, this technique has been used in most of LED display panel [9][10]. 
 
Fig. 2 The principle of the correction technique based on CCD 
3.Construction Model 
The location correction of LED display panel spliced by modules has two steps. The first step is 
modules’ position transformation, which transforms the location coordinates of LED modules in two-
dimensional to determine the nonlinear relationship between the actual and ideal location of LED 
modules. The second step is grayscale value correction, which assigns a new grayscale value to every 
pixel of LED display panel in accordance with the nonlinear relationship determined by the first step. 
3.1.Modules’ Position Transformation 
Assume that (x, y) denotes the actual location of LED module and (u, v) denotes the ideal location of 
LED module. There is a nonlinear transformation relationship Fa between   (x, y) and (u, v). 
( , ) [( , )]ax y F u v= .    (1) 
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The above transformation can be approximated by the following polynomial, in which aij and bij are 
coefficients and p is the frequency of polynomial. 
0 0
0 0
k k i
i j
ij
i j
k k i
i j
ij
i j
x a u v
y b u v
−
= =
−
= =
⎧ =⎪⎪⎨
⎪ =⎪⎩
∑∑
∑∑
.       (2) 
The purpose of modules’ position transformation is that fits the polynomial in (2) in accordance with 
the nonlinear transformation relationship Fa to obtain the aij, bij and k. This is the basis of grayscale value 
correction. Assume that LED display panel is spliced by m columns and n row. There are m×n groups 
corresponding relationships in this case. These are (x1, y1)→(u1, v1),  (x2, y2)→(u2, v2), … , (xL, yL)→(um×n, 
vm×n). Guarantee the minimum squares of fitting error when these corresponding relationships are used to 
fit (2). In other words, ensure that (3) is minimum.  
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It is easy to obtain the extreme condition of (3) is (4). 
1 0 0 1
1 0 0 1
0,1, , ; 0,1, ,
m n k k i m n
i j s t s t
ij e e e e e e e
e i j e
m n k k i m n
i j s t s t
ij e e e e e e e
e i j e
a u v u v x u v
b u v u v y u v
s k t k s
× − ×
= = = =
× − ×
= = = =
⎧ ⎛ ⎞ =⎪ ⎜ ⎟⎪ ⎝ ⎠⎨ ⎛ ⎞⎪ =⎜ ⎟⎪ ⎝ ⎠⎩
= = −
∑ ∑∑ ∑
∑ ∑∑ ∑
� �
.       (4) 
3.2.Grayscale Value Correction 
Define a grayscale matrix G firstly to characterize the grayscale value of LED modules, in which Gij 
indicates the grayscale value of the LED module located in ith row and jth column. 
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The nonlinear transformation relationship Fa applies to the grayscale value correction too. Therefore, 
the corrected grayscale matrix denoted by G′ is 
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Correct every grayscale value of the LED module in accordance with (6) and achieve the purpose of 
reducing the non-uniformity of images caused by position distortion. 
4.ALGORITHM Realization  
The location correction realization has the following three steps, which are the ideal location of LED 
module setting, the actual location of LED module calculating and the grayscale value correction. 
 
 
Fig. 3 The realization steps of distortion correction 
4.1.Set the Ideal Location of LED Module 
Assume that the module space is h. The ideal location of LED module can be expressed by a matrix F 
as (7) shows, when LED display panel is spliced by n rows and m columns modules. 
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4.2.Calculate the Actual Location of LED Module 
The first case is that the LED modules shift only in the horizontal or vertical. The second case is that 
the LED modules turn a certain degrees. The third case is that the LED modules not only shift in the 
horizontal or vertical but also turn a certain degrees. 
(xi, yi) denotes the actual location of the ith row and jth column LED module. (XRi, YRj) denotes the 
collected location of the ith row and jth column LED module. In the first case, use (8) to calculate the 
actual location of LED modules. 
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In the second case, use (9) to calculate the actual location of LED modules. 
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In the third case, use (10) to calculate the actual location of LED modules. 
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4.3.Correct the grayscale value 
Obtain the correction level of every LED module based on the above steps. Then, calculate the 
correction coefficient matrix and transfer this matrix to LED display panel.  
5.Experimental results 
Implant this algorithm to a LED video control system. Fig.4 is the brightness distribution of LED 
display panel before correcting. Fig.5 is the brightness distribution of LED display panel after correcting. It 
can be found that the location correction is able to reduce the non-uniformity of images obviously. 
 
 
Fig.4 The brightness distribution of LED display panel before correcting 
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Fig.5 The brightness distribution of LED display panel after correcting 
6.Conclusion 
The algorithm discussed in this paper focuses on the position distortion during LED modules splicing. 
It can solve the problem which the previously correction techniques can not solve. The experimental result 
indicates that this algorithm is able to reduce the non-uniformity of images in LED display panel obviously. 
In addition, this algorithm is easy to implement because the algorithm needs only a small amount of 
calculation and can be through hardware description language embedded directly to the LED video control 
system. 
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